



•ff : . 1 ' 


&*3j? 


110 EAST 51ITH STREET 
lf . NEW YORK. N. Y. 1002*2 
; * ?■.. - 4212> 421-8SSr> 

-*r‘ : v, ; v*. *• * - 

Application for Research Grant 

; (Use extra pages as needed) 




; ;-,,f JUN 2 7 1975 W 

.*■••■ A . * ->■». *\ i "., v. * v*. : iLnf" 

;•...; ••••.•• t - •■?- 

1 w —• -Dote: June 23. ! 


-Dote: June 23. 1975 

:-VA3vnm&d 


•* try ** '*£■**- if ; v %.’* J* l 'w- 

: *v*T’3V ■** ?> ' v7W.;<;„ ?<.»*! vf *• • . V* ■ .* V 

>w. Principal Investigator (give title and degrees): 

W■■ ■ V: 

7v’7' ? 77iCarl H. Pierce, M.D., Ph.D., 

' : •. ;'*-*V.** • 1 


2. Institution & address: "‘ 

• Harvard Medical School 
b,. 25 Shattuck. Street 

:r Boston, Massachusetts 02115 


Associate Professor of Pathology 


. .. 

• - v. 


Department(s) where research will be done or collaboration provided: 

'■•C* . * <'**.r*; ^**5,.>. **■*•...< .•< * ’ v. . _ _ , ... 

Department of Pathology . . -.. . * 


4. Short title of study: 




.. »• v.v!*' 

• . V*. i;\ 


Biology of Suppressor T Cells 




5. Proposed storting date: January 1, 1976 

6. Estimated time to complete: 3 years ‘ ,'b,j. b' 

7. Brief description of specific reseorchioimt: '.'7 ' r .' .VT’V?’' 

The understanding of physiologic mechanisms which regulate immune responses .^jgps 
is a prerequisite for understanding the pathogenesis of disease processes with .aw a j P I 
immunologic components and the effects of environmental factors, such as cigaret te 
smoking, on the immune mechanism. We propose to investigate the mechanisms by 
which suppressor T cells and their products regulate the development and expres- 
sion of humoral and cell-mediated immune responses in tissue culture systems.^ 
Initially, concanavalin A-activated suppressor T cells and the biologically 
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Initially, concanavalin A-activated suppressor T cells and the biologically 
active mediators they secrete will be used to probe non-antigen-specific regula- 
tory mechanisms. Experimental systems for activation of antigen-specific • 
suppressor T cells and secretion of antigen-specific factors will be developed. 

These cells and their products will be used in various experimental situations : 
to define the critical parameters which permit selective suppression of a) humoral 
immune responses without compromising cel 1-mediated immune responses to the same V..17S. • 
antigenic determinants, and b) the reverse situation, suppression of cell-mediated 
immune responses without affecting antibody responses. After these parameters .. 
have been defined in tissue culture systems, this information will be applied . „ b'u 
to relevant animal models. ' 7:. -7v {V '.- 
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8. Brief statement of working hypothecs: 




:%r • ; r-j': 

...... . . .. .. . U‘-#?;%•>":?*'*‘^v 1 

' Activation of the complex, multicellular immune mechanism of mammals by foreign 

u. antigen results in the development of humoral and cell-mediated immune responses ' vV- 
7 which may either protect-the host from invasion by infectious organisms and neoplastic;^ 
cells or be responsible for rejection of potentially beneficial tissue transplants 
| and the pathogenesis of several disease processes (1). Cigarette smoking has been 
.. implicated in the etiology and pathogenesis of a number of respiratory diseases in '''■'ffljjjL 
man (2). Further, cigarette smoking in man and chronic exposure of laboratory animals 
J*.t° cigarette smoke has been associated with impaired humoral (3-9) and cell-mediated 
10.11) immune responses and decreased phagocytic and bacteriocidal activity of • 

•. "'alveolar macrophages (12-16). The cells of the immune system survive poorly after 
£; ; acute exposure to cigarette smoke in vitro (17), but chronic exposure in vivo :<:■ 

.y leads to an accumulation of alveolar macrophages resistant to the toxic effects of 
•‘tobacco smoke but with undetermined functional capacity (8,16,18). However, these 
• effects of cigarette smoke on the cells and responses of the immune system cannot 
; be adequately evaluated until the immune mechanism itself is better understood. 

:. This proposal is directed to gaining a better understanding of one aspect of the 
.. immune system: the physiologic mechanisms which regulate development and expression 
; of immune responses. . •- -l. .... 
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9. Details of experimental design and procedures (append extra pages as necessary) 
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Background Information 


A. Studies of Other Investigators. Two distinct types of antigen-specific 
lymphocytes are the precursors of the immune effector cells. In humoral immune responses, 
the precursors of antibody-producing cells, B cells, respond to antigenic stimulation 
by differentiating into plasma cells which secrete antibody molecules specific for the 
) stimulating antigen (1, 19, 20). In cell-mediated immune responses, thymus-derived 
lymphocytes, J cells, after stimulation by cell membrane antigens, may develop into 
.cytotoxic lymphocytes which mediate the various rejection phenomena (allograft and . 
tumor rejection, and graft-versus-host responses) (1, 21-23). Antigen or mitogen 
•activated T cells may also secrete a variety of biologically active mediators (including 
macrophage migration inhibitory factor {MIF}, chemotactic factors, lymphotoxins, skin 
„reactive factors, and interferon) which play a part in the inflammatory processes of 
delayed hypersensitivity reactions, cytotoxicity to tumor cells, resistance to certain 
•"infectious organisms, and activation of macrophages (1, 24-26). In addition, both T 
and B cells may be rendered tolerant or unresponsive after interaction with antigen 
under appropriate circumstances (27). . . .. •• .. 

( . /'* * *‘ ■ ’ * 

. A third, non-specific accessory cell, the macrophage, has important functions in 
uptake, catabolism and presentation of antigen to T and B cells so crucial in the 
initiation- of immune responses and avoidance of tolerance induction (28). These cells 
may also act as non-specific effector cells in the expression of both humoral and 
cell-mediated immune responses (24-26, 28). . < . 

T cells are also the critical regulators of the development and expression of 
both cell-mediated and humoral immune responses (1, 20, 23, 29-31). In a positive 
regulatory capacity, T cells may function as "helper cells" for development of antibody 
responses by B cells to complex, multi determinant antigens (T cel 1-dependent antigens) 

(1, 20, 29-31), or as "amplifier cells" for development of cell-mediated immune responses, 
such as graft-versus-host and cytotoxic lymphocyte responses, by other T cells (22, 23, 



f. 


30, 31). fn a negative regulatory capacity, suppressor T cells have been implicated in 
the regulation of development and expression of most T cell and B cell responses to 
Antigen (23, 27, 29-31). The ubiquitous nature of suppressor T cells is illustrated , 
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by their involvement in: a) many of the phenomena of immunologic tolerance 
v.(27); b) antigenic competition (32); c) regulation of IgE antibody responses 
(33); d) regulation of antibody responses to "T cell-independent antigens" (34); ' 

;**e) chronic allotype suppression (35); f) regulation of antibody responses con- 
^trolled by histocompatibility-linked immune response genes (36); g) regulation of^JS&jj- 
".mixed lymphocyte, cytotoxic lymphocyte, and graft-versus-host responses (23); 
vh) regulation of development and expression of delayed hypersensitivity responses 
*•'(27, 29-31, 37-39); and i) regulation of development of autoimmune diseases (40, 41 ).™ 

•* *►-*«♦ '•*•••: '-• 

Suppressor and helper T cells appear to be functionally distinct subsets of 
<T cells rather than a single population of cells whose regulatory function reflects 
*. a critical stage of activation (23, 27, 29-31, 42). Suppressor T cells appear to 
•be relatively immature cells which have abundant 0 antigen and are functionally 
short-lived, spleen-seeking, and, in many instances, radiosensitive. In contrast, 
helper T cells appear to be more mature cells which have less 0 antigen and are 
functionally long-lived, lymph node-seeking, and radioresistant, at least after r : £.. 
'•priming with antigen. •_ • -t.^ 

• fAThe regulatory activities of T cells may be antigen-specific, e.g., carrier- ‘ .‘^f 
specific helper or suppressor functions (20, 27, 29-31, 33, 43), or, although T -.'-V' 
cells are activated by specific antigen, their effects on immune responses may be 
non-specific, e.g., antigenic competition and the "allogeneic effect" (27, 29-32, 
44-46). Lastly, phytomitogens non-specifically activate T cells whose enhancing ' 
or suppressing effects on immune responses are also non-specific (42, 47-50). '3- 

Soluble products released by activated T cells mediate the regulatory functions ••■ 

in some immune responses (20, 27, 29 -33, 43-46, 50-52), whereas regulation of 
other responses may require direct cell-to-cell contact (20, 23, 27, 29-31, 49). 

Some of the soluble products of activated T cells have been partially characterized. 

In one system, the mediator of both helper and suppressor functions appears to ’ t ft 
...be a monomeric IgM-like molecule, IgT, produced by T cells (52); a similar molecule 'M 
appears to mediate only carrier-specific helper functions in another system (33). 
Further, other investigators have found that T cell factors with different ; '••'.!'• > 

/physicochemical properties are involved in the non-specific enhancement of IgG and 
/IgE antibody responses (46). Another class of mediators appears to be a product(s) 
of the K and/or I regions of the major histocompatibility complex (33, 43, 45, 53). 
These mediators may lack antigen specificity (45, 53), or have specificity for 
the carrier moiety of the immunogen (33, 43) and mediate both helper (43, 45, 53) •/<' 

and suppressor functions (33) in different experimental systems. T cells or . '...••'£■ 

their products may act directly on potentially responsive T or B cells, or 
indirectly on macrophages by mechanisms which are still altogether unclear (23, 27, -- 

29-31, 33, 46, 52). 


Although much of the phenomenology of helper and suppressor T cells has 
been recognized and' described, our understanding of the precise mechanisms by 
which these cells and their products operate is still quite obscure. 


B. Studies from our Laboratory . Several years ago, experiments were 
initiated to investigate the immunological consequences of T lymphocyte activation. 
Since antigen activates only those relatively few T cells having membrane receptors 
specific for that antigen, the plant lectin and mitogen concanavalin A (Con A) 
was used to non-specifically activate larger numbers.of T cells. Primary IgM and ... 

IgG plaque-forming (PFC) responses to sheep erythrocytes (SRBC) by mouse spleen ..•;■>./• 
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V ' '■'?■ tel \s,tin vitro \,Were-,proifoundly,:«$.uppr , es$ed ;by mitQ.gen.ic .concentrations _(1. yg/ml) '%&& 
Con A added at.culture initiation (54). In addition, mitogenic concentrations^ 
Con A suppressed the generation of cytotoxic lymphocytes (CL) in mixed lympho-ll! 
'^f^^tyte cultures (MLC) of mouse spleen cells (49). The precise mechanisms by which 
^M'^r^’i.Con'.A.affects immune responses remain to be determined, but multiple mechanisms 3jjj|§ 
•^^p^appear.'to.be involved ( 55 ). However, the observation that spleen cells from mice^ 
Iniecte'd with'Con A suppressed PFC repsonse.s : 'by normal spleen cells in vitro 


filter incubation with i yg of Con.A/ml for 48 hrs, profoundly suppressed PFC 
responses to SRBC(48) ,GAT( synthetic random terpolymer of L-glutamic_acid 6l> -L-' 
:i^j^lu v Alanine?vpt.Ttyrosines^)-viand the TicelIrtndependent antigens, „ DN JhJii coll. ayd^»<fSs|p» 
W%j'#^‘TNP-lipopolysaccharide (56), and CL responses to alloantigens generated in MLC 


tJnv’expen 


suppress 


yJ-Mt activated spleen cells was mediated by T cells, since treatment of spleen cells 
with anti-9 serunv and complement, either before or after activation with Con A, 

’ eliminated suppressor cell activity (48, 49). Further, X-irradiation (2000 R) 
V.-'of spleen cells before activation with Con A abrogated generation of suppressor 


BMC 


V. . „ T cells, whereas after activation, the function of suppressor T cells was .radio- 

; 'resistant. Suppression of PFC and CL responses was critically dependent on both . 

'•• • cthe numbers of Con A-activated cells added and the time of addition to the responding 
~-.CWl.tures>-'*Decreasing the number of Con A-activated cells below 10% of the number 5 
responding, spleen cells resulted in progressively less suppression, whereas. 
.increasing the number over 20 % often resulted in non-specific cytotoxicity. 

Suppress ion of PFC responses was observed when suppressor T cells were added * $$$ '& 
-vi^l^^yrjog.the,.fdr§t:48. br$,of culture, whereas U £L Responses.were most efficiently 
-.'ji^^^suDDressed when Con A-activated cells were added during the .first 24. hrs of 


-•The most interesting aspect of the suppression ot rro ano u_ responses Dy 

'Con A-activated suppressor T cells, and one which may provide a clue to their 
• • * 1 - - --- ■*- 


mechanism(s) of action, is their effect on the kinetics of development of these &}?!*?. 
responses. Kinetic analysis of^PFC responses toSRBC revealed that the 90% or 
greater suppression" observed on days '5 and 6 in cultures'to'which Con A-activated" 
suppressor T cells were added at initiation was not due to a failure to initiate 
the PFC response. On days 2 and 3 of culture, PFC responses in cultures containing 
suppressor cells were the same or slightly greater than responses in cultures to 
which non-Con Aractivated control spleen cells were added. The PFC responses in 
cultures containing the suppressor cells aborted dramatically, however, after 72 ;\ 

hrs, at the time when the PFC responses in control cultures was expanding exponen- ./'li 
tially. From days 4: to 6 when PFC responses in control cultures were maximum, 

PFC responses in cultures containing suppressor cells fell precipitously (51). ' 

A similar pattern of suppression was observed in CL responses generated in MLC; on^^ 
days 3 and 4, CL responses in control cultures and cultures to which suppressor 
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x. • • ’ceiis •'SK-pitvo- were-prctQuivsJ.V "SLUCDresses py. aizocsmc ^oncen.trirtTor.s \ £ yg/mi jxibb&SB 
}■.*■: naa.been added at initiation were similar. On days 4 through 6, CL responsesj 

control '.cultures increased' progressively, hpwever,_ during, this interval .‘-'-a iv a^tt 8|j 
*$df-u r &'& s Q nj l te_*and continued ^hhibi.tion of CL responses was .observed in cultures with .^w^ 
jt^^M ; i?VPP r sss6 r _^lls-^. (49) r!> c jhe^dichotomy between the time early in the response when*f|| 
^p:#-;^suppre'ssor“t cells must be present to achieve'suppression and'the later 
'^^^.furing expression of maximum responses in control cultures when suppression of PF C-li 
ppns.es was. actually-manifested,,led to experiments .inyestigatjng^thPes^f^^ 


^^^a^sj^jnyolye^a ^^latioi. oV.-suppresso-.- T. 

experiments, we found that supernatant fluids from cultures pf 
• ; :$I*^^~£on A-activated spleen cells, from which residual Con A had been removed by •.yA ^Ep|8j l 
Sephadex absorption, contained factors, termed soluble immune response suppressors f§9$| 


Vi>ee n unable to suppress CL responses with SIRS (30, 31, 60); the reasons for.this rj f sj p 
•r'se^^-^ffailure require further experimentation which may provide additional information 


s;v/*1V ur . e require further experimentation which may provi< 
about.the mechanisms of action of Con A-activated suppri 

• ^ f J f ^r?>r''rV/lr> ’Sfc.wV f ;•;*7 *. ‘• "/* - ■' - . ' • > ^ -. -? *J; * 
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ich may provide additional information 
tivated suppressor.,!..cells and.SIRS.,.. 

atant fluids of Con A-activated spleen 
ids harvested between ’12 and 48 hrs 
kinetics of secretion of SIRS is’*:'*: 


-'fhTi7'similar to that of mitogen-induced secretion of the T cell mediators MIF (61) and' .y$£s| 
"£■ "’V'.''interferon (62). Supernatant fluids with SIRS activity also have MIF activity; 1n^f£ 
V. *11 °f the analyses to date we have been unable to dissociate definitively SIRS 


10;’mi at 70 ? C' an (3’ ft.t *pH w £._§IRS’ -is ‘ hot absorbed.by antigen* mouse 
immunoglobulins, or antisera against mouse’immunogiobulins or histocompatibility .^S 

■ + ■ k,i<- 4c. .k.A.k.J u.. __1 -^--’ -o ctfaint CTD<: 


upport 


be the^same molecules (31, 64).,, Vv 

fii-.*.'rf-" 7 *’* Suppressor T cells and their products generated by activation of T cells 
' •' with Con A provide a viable experimental system to probe the biology of suppres- 

sor T cells. Many experiments are needed to characterize these suppressor T 
" PPlls and .SIRS more precisely and.to determine their mechanism(s). of action in 
suppression of PFC responses, and why SIRS fails to suppress CL responses. These 
experiments will be described in Section 3. ; ?h. -;;V: T 

■ H9Kf®y? r i. C 91 A-induced suppressor T_cells..and SIRS.have the disadvantage of 

being non-antigen specific in their effects. Preliminary observations from our y.’iS 
laboratory indicate that antigen-specific suppressor T cells can be generated in 
tissue culture in certain circumstances. First, T cells harvested from MLG on ; r >.^ 
days 6 or 7, after the peak of a CL response, specifically suppress generation of 

C CL responses to the same alloantigens by normal syngeneic cells. Second, T cells 
harvested from a culture after the peak of a PFC response specifically suppress 

; C ■ ■ ■ 
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. ?f. e 'r es 0 onses >tQ t ;the same, antigen, by normal spleen cells. -The detailed ( invest!-,.,., 

’•%-jV.v r. gatjonlOl'.tbfse^p'geTimina^y observations.is the basis for,part of this.applIicatibri; 

fll ‘.’.^pecf^lc c Ai ms 1 '^'The‘specific aims of'this project’ have beeh.'di vi ded~ 

“ CL‘nn$'’€!AO^^ H ' c» ' r ?-3X~iTi ;r* r^ r r r,; *^*' rr “' l .•• ; '• ^ - v- •., •* r. r* ~»; Tp r. f> -F P , r C 

v^^:^ n i ^ , ijf'A r .i<Fuftner. characterization of Con A-activated suppressor T.celIs and ' :' a $H$ra» 

•»» **-s «V> Wt-a «»U^- wu } • i t C O- L »V4j~ {, ^ , ,w* Jp* .. 



_ j _-- _metabolic activities required for activation 

.suppressor T cells, secretion.of SIRS, and expression of biological M 
activity by these T cells. .- 

,■ .-Further physicochemical characterization of SIRS, and comparison i ^i.t(i j'^pt 
. V$?.K;■■ V Vcr >.*?&£*/•/Other. T cell mediators. ''..//. '.'. '.. 1\7," V~ :.7.’ "■-' v'£7//-r 

‘i^^^ceils1^t^r!i'i t l t |:: >yestigati6h v 'of.''fhe'effects“','of,'SIRS 0 6h"tfie “fuhctiphs^of‘macrbp^ages^^ 
.- ..-^ . v-r and evaluation of secondary effects 'of SlRS-activated macrophages. •$$i8§p 

the functions of T cells and B cells. >r.-» .- 

/oef 1* An Af +ho v'asc aap f av 4-^a -fa i 1 iiv*a r\ CTDC f a c i in n roc c ’ PI 



-V: 3* Determination of the cellular site(s) of action and mechanism(s) 

■! by which these T cells and their products suppress immune responses. 

x \¥ ...• Development of an experimental model which allows antigen-specific 

* 17 r: . ' 5tinnrp<i<:inn nf AntihnHv rAcnrmcpc withnut fpptina* pa! 1-mpHi a tprf 


The experimental systems necessary for investigating 


'- j^he mechanisms by which suppressor. T cells and their, products regulate immune, 
•’^^^llfesponses.’.Sfrputlne’pfbcedures Tmfcfns laboratory / “Initially tissue 'cul.tufi 
, "t'T^?’/'-*/-systems’will, be used exclusively, but in later stages of the project in vivo krtimal 73* 
"models will, be used. .;.• ] .7.’ 

".v>V Culture and'Assay Systems . Antibody responses will be generated in cultures 
f mouse spleen cells using the system of Ml shell and Dutton (65) as modified in 


C 


.* J* 


*'X*\ 


of . _ _ - _ . . 

our laboratory (66). Stimulating antigens will be sheep erythrocytes (SRBC), the 
synthetic polypeptide antigen GAT, and mouse alloantigens coupled to pigeon ,,, 
erythrocytes'.' TgM'ahd“tgG PFC“ res ponses will'be measured by the hemolytic plaque 
technique using SRBC or the determinant of interest coupled to SRBC (66, 67). 
Cytotoxic lymphocytes (CL) responses will be generated by incubating responder 
spleen cells with appropriate mitomycin C-treated allogeneic spleen cells in Mishell- 
Dutton type cultures. CL responses will be measured in the standard sl Cr release 
assay using P815 mastocytoma or EL-4 leukemia as. target cells (49). A recently 
developed system which allows the generation of simultaneous and non-cross-reactive 
CL responses to two sets of alloantigens in MLC (63) will be used in the studies 
of antigen-specific suppressor T cells and their products. 1003346055 

Generation of Suppressor T Cells and SIRS by Con A . Suppressor T cells will 


. yy 

, A 


$ 


be generated by incubating spleen cells with Con A (1 pg/ml) for 48 hrs. After 
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V. . ;7 ■ ; ‘!J5epar»ti:o^<of ithei'-trelrlsv supernatant rfl-uids wTTT.'ber absorbed with r Sepbadex'&7S s to’^1 
.•^.W.;' ) A^ move residual Con A; the cells will, be washed three times with medium.; ;• Control 
•,M v 7vv^'.'spleen cells will be incubated for 48 hrs without Con A, which will be added at the 
■;'^^7v'v-- ..31i me j af.har vest of the cultures;.thereafter, these cells and supernatant fluids 

Axil 1^1' Ko I. tZk C h f> V' ,kmi.kAyt ap /Jnppipik/I/J frt wt +kn Pp« A P A A ^ •••*.- J / 'll 




..v 0Y ,//--- • • - V." *. 

,s ^ l S^'S^f^?-fT.rrr ? A.' ,v ^r^te'r-chtiracterfzatitfr of- Con A-a'ctivated iuppIressoirT cel 1 
-r|||agt h ei r promts (MRS). ■ ; . ~ . . ~ ~ , - ^ 

;. 1 1. Investigation of the metabolic activities required for the acti- 
yation of suppressor T cells, secretion of SIRS, and; expression of biological 
activity by these T cells . Previous studies have shown that X-irradiation (2000 R) 


A-a'cti vated tup pine ssoirf cel 1 s^^n’th f ^^| 

*■* tfc ■ • -• -'....A v 


e/; acti vi tv 


these 


‘..• with Con A can secrete SIRS (tested on PFC responses). In addition, the effects 
- of inhibitors of DNA synthesis (hydroxyurea or mitomycin C), RNA synthesis (chrono- '.T.t-. 
. mycin A^ or actinomycin D) and protein synthesis (cycloheximide or puromycin) on 
. generation of Con A-activated suppressor T cells (tested on PFC and CL responses) . , 

. and secretion of SIRS (tested on PFC responses) will be determined. It is anti- .•;7- r7 
7 1 :cfpated^that inhibitors of protein synthesis and probably RNA synthesis will block 
production of SIRS and that inhibitors of DNA synthesis will block generation of 
•suppressor T cells. These same inhibitors, plus colchicine and'cytochalasin B 
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immune responses only by secretion of SIRS or whether some other activities medi- 
ated directly by the cells are responsible. This determination is crucial in 
analyzing v/hy SIRS does not suppress CL responses (See Section A.4 below). 

^ II U Ic C I U _ Jr |>vl o * OC Uttbl Mwli Wv ; Cl»|V 4 «t:U C-* U* * Vw/. ut v w/ ^ — - •• a. ^ ^4 . v Ul. . *> Cr v -’ »V 

v ■ ’ ■ • '. ' • 2. Physicochemical characterization of SIRS and comparison with \. b?bx\ 

other T cell mediators . Supernatant fluids from cultures of Con A-activated sV^-vif* 
spleen cells have SIRS and MIF activity. In all of the separatory and analytical* 
procedures. used, including column chromotography on Sephadex &100, polyacrylamide ,;V>. 
gel electrophoresis, CsCl density gradient ultracentrifugation, treatment with 
proteolytic enzymes and absorption with a variety of insoluble immunologically ■ 
relevant materials, we have been unable to dissociate MIF and SIRS activity (31, ■ 

63). In addition, these supernatant fluids should have interferon activity (62), 
another T cell mediator which inhibits PFC responses in vitvo in a manner analogous 
to SIRS (69). However, SIRS is labile at pH 2, suggesting it is not interferon 
Type I (69). Younger and Salvin (70) have described a Type II interferon which is'' jp| 
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However, SIRS is labile at pH 2, suggesting it is not interferon 
Younger and Salvin (70) have described a Type II interferon which is'’^|? 

177.7 ;.77 777 7 . 77 ; 7 
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;. . also labile^at pH 2 but otherwise indistinguishable from mouse MIF. ThusVsiRS 

• *• utli»^im®lx 2 ^,e 1f 9 | r^1.2' te ^sftg*^^vi r ty, i iMf;s.^d^ird ^9,#.. uu.i ^ m&%4° Uimm 
.,^i)d interferon activity in t hese preparations. After each future purification• 
rf: Qf treatment "procedure, the preparations will be analyzed for SIRS, MIF, and 

nt'Prf’Airnn arfiv/itw in an a-M-orrinf “fn Hictinnm'ch anv\nn thoco modiatnv*c Hr Calwnn ^u.Vzi 


^i-Ii'^^^teria], Jfttth 70.?.,(tlH^pSQ^ .'/Since SIRS .is ,a glycoprotein, based,on ,CsCl .denitty - ';;^: 


the sensitivity of the various biological activities to the action of several 
glycosidas%s, U-fVW,s>dasa«.B- 4 iaUctp.s,id%§.e, ,and,H- , r ; 

•^i'1jrHv;?;.acetyTglucosaminidase (72)-. —This -analysis wil t--identvfy-which,-ff any, of -the—. v^ip 
sugar moieties in the glycoprotein are necessary for its biological activities. ^$ 8 ^ 

i- & _... ->• 

' : ^^.1$#C$?ii:J-?;X-fucose partially inhibits- - the ability of SIRS to suppress PFC responses (30, 13 
v.#i%»s,4 64) .~?The. capacity of various other sugars (72), including sialic acid and several, $jjfg 
hexoses, hexosamines, and N-acetylhexoamines, to competitively inhibit or absorb 
SsiMS-i 5IRS, MIF, and interferon activity will be.investigated. -In absorption studies, 

.■M :;SIRS will.'be passed over Sepharose columns to which the sugar moieties have been 

• : ^;V f ]- 4 t'COupled in an insoluble form and the effluent will be assayed for biological . 

• V " .activity.' For competitive inhibition studies with the sugars, advantage will be 

■J "taken of the fact that SIRS acts on macrophages and that exposure of macrophages f 
V to SIRS for 2 hrs is sufficient to achieve suppression'of the PFC responses .>. 7 '. 

generated by T and B lymphocytes added to the treated macrophages (31, 64). Thus, 

■ separated macrophages can be treated with SIRS in the presence of the various 

:,Trr?- 7 ”r”sugars ; and washed before addition of-lymphocytes, thus avoiding the non-specific . 

; -v*'- 4 ^.ioxic.effects,of some of. the sugars on lymphocytes. , Modifications of this approach 

"will be. used, in assays for MIF and interferon activity.' This analysis Will dfeter-'.5^f 
C ; ; mine which sugars, in addition to L-fucose, are involved in the binding of SIRS 


; -w>Vi' Effects of SIRS.on functions, of macrophages and evaluation of 

secondary effects of SIRS-activated macrophages on T cells and B cells . SIRS acts 
on macrophages, but does not block initiation of the PFC response (31, 64). Instead, ~ v . 
after developing normally during the first 3 days of culture, PFC responses ' 
abruptly abort and the number of PFC decrease precipitiously on days 4 through 6 ...ri;'; 

(30, 31, 51). '.Furthermore, macrophages treated with SIRS have no obvious defects 
in uptake, catabolism, or retention of the soluble antigen, GAT (64). SIRS may 
interfere with-functions of macrophages essential later in the PFC response, or 
SIRS may activate macrophages so that they or their products are actively inhibitory. 
Since macrophages are not required in the cultures after 48.hrs incubation for " . 

development of normal PFC responses (73), the latter alternative seems more likely 
at this time. Initially, the effects of SIRS on the morphology and accessory 
functions of macrophages will 1 be evaluated. Morphological changes, such as increased 
spreading of cytoplasmic processes on the culture dish, "ruffling" of the plasma . r; 
membrane and increased numbers of cytoplasmic lysosomes, all of which are charac- ,J^ 
teristic of "activated macrophages" (25, 26, 72) are expected and will be surveyed ' 


>d and will be surveyed 
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jgjth ^has'e^r' 2 §cann‘ing n ^Tectiron microcopy. s tfie :, 16ss of membrane 'proteoglycan - 0 -;^ 
residues,'which ?s characteristic-of MIF-activated macrophages,’ will be evaluated 
"By staihing'StRS-treated T ahd’untreated'macrophages with ferrocyahide deduced 
6 §mium-tetroxide'(74);• functions characteristic of activated macrophages, such .Vs| 
!;l ; ;Ss s ihcreased pHagocytic'capabilityT cytotoxicity -or cytostasis of tumor cells, ? jj sj 
' 7 ; and increased bactericidal activity (25, 26, 72, 75) will be evaluated. This 




—'.products y^the products, theirtarget-cells,-’-and-mechanisms of action will- be 
7 ; determined.^^rf'^these macrophages elaborate dollagenase, the effects'of this’ e 
'- enzyme on PFC responses and its relevance to SIRS-induced inhibition of PFC re- 
? sponses will be determined. In conjunction with the studies on production of 
factors by ^macrophages, the rates r of DNA, RNA, and protein synthesis at specific 
intervals in suppressed cultures, as determined by incorporation of 3 H-thymidiriej * 
3 H-uridine, and 3 H-leucine, respectively, will be correlated with the abortion of 
the PFC response after day 3 of culture. This analysis will reveal whether the 
abortion’of tfie'PFC response'is due to cessation of proliferation of precursors "of .=vvj 
PFC, or cessation of antibody synthesis by these cells which continue to proliferate ;•$ 
at a normal rate.' •* vV. ■ . - •. r. / . . - V i$?h& 

•_ •.’’rt.'V. ’* ; ■ ' ' * - : . • * /* • '*-•«. *.S. 

.: .Treatment of macrophages with proteolytic enzymes (trypsin or chymotrypsin) 

and various glycosidases (fucosidase, neuraminidase, and N-acetylglucosaminidase) 

(72) before reaction with SIRS should provide information as to what moieties SIRS "10. 
• '•“fh'teFdcti ,r Vrth'* 6 fi riia'crophage ’membri'hesThe "6 f fectt'' Of ‘these'’eniy'fries' On ' th ’6 ’ " 10 
- ' function of macrophages in PFC responses will be determined for control purposes; 

These results will be correlated with the results of experiments described in ;•• 

Section A.2 and should provide information about the receptor sites on both macro-“'^0 
; 7 phages 1 ^and-STRS -which are ;: critical for SIRS-induced suppression ; of : PFC ; responses. 

C'l Furtheri membrane esterases inhibit the effect of MIF on macrophages (72). Working 
' "on the assumption that MIF and SIRS activity are not dissociable, the effects of 
-inhibiting this-esterase, activity by diisoflurophosphate or a, anti-trypsin (25, 

26, 72) on the SIRS-induced inhibition of PFC responses will be determined. This- 
analysis will be particularly useful when applied to peritoneal exudate macro- 
phages, which are much less susceptible to the effects of SIRS than splenic macro-' 
phages [(64). It is.conceivable that peritoneal macrophages have higher levels of k 
membrane esterase activity than splenic macrophages arid that this accounts for' -- 
the inability of SIRS to mediate its effect on peritoneal macrophages. It is ’ 
anticipated that peritoneal macrophages will be susceptible to effects of SIRS after ' ^ 
inhibition of membrane esterases. 

4. Analysis of why SIRS fails to suppress CL responses . These ' 

experiments may be unnecessary if the experiments described in Section A.l show - ■/> 
that suppressor T cells regulate immune responses by mechanisms other than the ;•••'>■ 
secretion of SIRS. -. ’ 


If this series of experiments is necessary, the effects of SIRS on T cell 
proliferative responses to Con A, PHA, and allogeneic cells measured' by 3 H-thymi 

. v ^1003^46058 ^ 

■ v ;• fr >*•'-. . ' , J., -S'y.-‘.> v 


1 'vKSsfis&i 


dine 


Source: https://www.industrydocuments.ucsf.edu/docs/rpdmOOOO 






>*v.- <’ ■ k 

V-v< 




:T? 




Incorporation will be determined to evaluate the ability of SIRS to suppress 

^erp,T^el3 - response?. <j jG ctrOf» n\icro^»^Gpy * Trie lo^s i*. i».c w* 

■ t*r r->; 


• • - vut-' »*;l. ,’?*<« 
v' 


, V. . „**•£ 


. ' . - . V,***■■•' . ■.» V* 

JjVi .* - 

*it*»<**? ■ **.*4 ff 

• 'V 7 ?'"?* :«’ »•' j( 
,>.n'yg 

v>i^ v'*'i^ t .' ‘‘-H * p 


f,v ^-in'theMLC.,*biologicallyactive products are elaborated which enhance Immune lai fet 
respons^t45^-78); these products- may ; override the suppressive effects of SIRS in ggjp 
|jie, gene rati on~pf : CL responses. -To test.this possibility, soluble products f.rom.JSSjHBg 
an MLC c wi3.1 bemadded ip varying concentrations.with SIRS to cultures of spleen ’ ? ai®§gS| 
,^elIs stimulated with SRBC to determine.whether the SIRS-mediated suppression °f 
^e^'PFC re^ponse'^s overriden by MLC products. This indirect test should provide 
evidence as to whether a similar mechanism accounts for failure of SIRS to inhibit *ffp{ 
CL resppns^>.<'^^ty T:iut SIRS-treated rracrcc:r:;er e'.-.-i :r=fc tr.- i rnli' 

ili.-s. v:k i-v ?»t **.: „ ;• V. .:/ /.\,. • ’ ioa.?MSg@ 

’±c"?'r.rLastly, .’the larger numbers of macrophages in cul tures used to generate CL 


responses may circumvent SIRS-mediated suppression. Addition of an excess of 
P^.^Pb.aaepiwtoji^JB.S-itr.ea,t?d; culture? .often, oyercomes. suppression. of,P.FC responses 
,(.64) .i,Thus, the number of macrophages in cultures used to generate CL responses 
.wi.li.be reduced as much .as possible without compromising the CL responses and the 
effects of SIRS in these cultures will be evaluated. '.r,vd$£gira 


UirKr-However, -from our experiences with these experimental systems, it is our 
‘expectation that SIRS will be unable to suppress CL responses, and that these 
responses win be suppressed by Con A-activated suppressor T cells by mechanisms 
other than-the activity of SIRS. These mechanisms will be probed first by deter- 
mining the target cell(s) (macrophages, T cells, or B cells) of the suppressor T 


-mining the target cell(s) (macrophages, T cells, or B cells) of the suppressor T 
cells and then by determining the specific effects of these cells on the target 
cell(s). If this analysis is necessary, we anticipate that it will be one of the 
most difficult portions of the project. , . •„... . . •. 


' • i . ' B. Development of experimental systems for generation of antigen-specific 
suppressor T-cells and their products. -• .• .■> 


auytJF^s^ur r uub ciiu uic 11 ptuuuLis , .T +.- W7.1 . ,. , p 

•j uni li 0,%:. o jfcM&ae rtf (%• '■»: - -nr^-v '>•■■■<■*=. iy-r’-j' Vt»' . : »> t>* ■■ ;• 

- Definition of parameters for generation of antigen-specific 

suppressor T cells and their soluble products . This portion of the project is 
^ruciaUtp the, objective, of, developing experimental systems which.allow selective 
•^.suppression'o’f^ antibody responses i wi thou t. affecting cel 1 -medi ated. immune res pops es 
"to the same antigen’and vice versa! Our observations with the generation of 
?Atig?nr 5 pec,ific < .jiupp.i:e^sor.J,cpll.s.and, their, products are. preliminary;, because, of utsjflj 
our relative ignorance about these systems, this portion of the application will, of ...4 
necessity, be less specific and more tentative. However, we intend to take full .. 'f? 
advantage of lessons learned in studies with Con A-induced suppressor T cells and 
SIRS and apply them in this portion of the project. The observations that antigen- 
•specific suppressor T cells can be recovered from cultures after the peak of either 
a RFC response to SRBC or a CL response to allogeneic cells provide the starting ' 
point for this project. .... . . 


The culture conditions 
after the peak of a PFC or CL 
will be purified on appropria 
cells by sensitivity to anti- 
to specifically suppress PFC 
generation. These T cells wi 
antigen to induce production 
products cannot be recovered 




for recovery of optimal suppressor T cell activity 
response will be determined initially. The T cells 
te immunoadsorlient columns (36, 79), identified as T 
9 serum and complement, and tested for their ability 
or CL responses to the antigens which stimulated their .'f 
11 also be incubated with specific or irrelevant 
of biologically active soluble products. If such 
in culture supernatant fluids, the cells will be 
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C ^ 6 nlcated'td''release'these‘products (80), which, after ulthacentrifugation'to-^ 088 ® 
• Pemotfe : ceTl ^dbris^-will be tested for specific suppressive activity on PFC and JijjpvljM 
• . . V CL responses.. The rationale for .this approach is derived from the observations 

s ' ’ ' that suppressor T tails’d£* their'products normally act physiologically to limitih<jj|||M[ 
the ^duration-and/or magnitude of immune responses, i.e. this is a normal physio- i mjf&m 
logical homeostatic mechanism (29-31). n'. ; • ••. .••■ga»rWproducts 

ryin'-. ':c~ r .r:‘- _ r:;• r " "t. " :*/*•? 

PP^P?- : U!^.Another^pproachViilbe to incubate suspensions of T cells (thymocytes,: 

wirtfsbne'Cfgsistant thymocytes; v or purified peripheral T cells)-with appropriate 
• f Shitigeh'for various periods of'time, either with or without macrophages. .The'itells JpgS 
• " and'supernatant fluids (after removal of any residual antigen by immunoabsorbent 
; columns) will bp tested for specific suppressive activity on PFC and CL responses. 

- ; V r? ' s T‘ cn These‘experiments will provide useful information about the generation and '$m8m 
biology of-antigen-specifie suppressor T<-cells< and.their biologically, actiye.pros 
. tiutts in ,! gener&l . r, ^’However, : one major thrust of this project is - - to • generate ••-•ses 
• ' suppressor J.cells and/or their products which will specifically suppress antibody )?j gm 

■■■■• ‘. responses to mouse alloantigens without compromising cell-mediated immune responses’ 1 |» 

<"•"■ to cells bearing the same alloantigens. Thus, alloantigens in membranes of lympho-'^^» 
cytes from appropriate mouse strains will be internally labeled with 35 S methionine'^- 
• or trace labeled with 125 I using the lactoperoxidase method (81) and extracted with 
HP40’or Other suitable detergents (82). The desired alloantigens, products of the 
H- 2 ‘gene'complex;" will be purified on appropriate immunoadsorbent columns of insolu-,^ 
bilized anti-H-2 sera (83).-. CL responses to these alloantigens will be generated by .^ 

• incubating responder spleen cells with appropriate mitomycin C-treated allogeneic 

C spleen cells.in the usual fashion. Soluble alloantigens will be coupled to pigeon JJfi| 

erythrocytes with carbodiimide (84) for stimulation of PFC responses in Misheil- 
Dutton cultures. PFC responses will be measured in the hemolytic plaque assay using ^ 
the alloantigens coupled to SR 8 C as indicator cells. The development of this system ^ 
’. t r7T' , Srt11 , ^ r e'rihit!.deTiirmin3tlon of the critical parameters for specific suppression of,PFC ^ 


responses without affecting CL responses to the same antigens using the antigen- 
specific suppressor T cells and their products generated as described above. The 
system for generating simultaneous non-cross-reactive CL responses to two sets of [--WM 
‘alloantigens'-(68).will-be especially useful in this portion of the project.vctive:tjjj|jj|afl 

'Physicochemical characterization of active T cell products .' ' 
Antigen-specific-suppressor T cell products will be purified and characterized by?^^^ 
the same battery of techniques which have been used with SIRS. Sephadex G10Q and 
G200 column chromatography, polyacrylamide gel electrophoresis including SDS and "'-/{‘M 
isoelectric focusing gels (85), and CsCl density gradient ultracentrifugation will 
be used to determine molecular weight, electrophoretic mobility, relative carbo- . ...ci-f 
Tiydrate content,' and molecular chain composition. Sensitivity to temperature :J -->r 
proteolytic enzymes, glycosidases, and nucleases will also be determined to further 
'characterize the active molecules. The nature of the receptors on these molecules 
for cells or antigen will be evaluated by determining the ability of macrophages, 

T cells and B cells and specifically reactive columns (83) to absorb the biological 
activity. Alloantigen, mouse immunoglobulin, various sugars. Con A, anti-immuno- 
globulin, and anti-histocompatibility antigen columns will be used initially. Other 
specifically reactive columns will be used as dictated by the results of these 
studies. These T cell products will also be evaluated for MIF and interferon -“ -v 
activity. Further purification and characterization will be employed as needed. 

After each procedure, the preparation will be tested for biological activity on PFC ^ 
and CL responses to mouse alloantigens. The characterization of these molecules is '7$ 

. ■■ ■ ■ - . ••• 
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a-cHtical ;iFirst. stepifn understanding the^mechanisms of their r t)1o]qgipa^acti'vity^fff 


antigen-specific suppressor T cells and their products . This portion of the project^ 
; will greatly .simplified, If. we have succeeded in obtaining an antigen-specific T..;$s»& 

.. rol 1 f 3 rf'A V* tilll 1 r> h Mlr\r\v*np r A(* ■»« + •! kAjJw lAA nArt/*n/« Un^- A A 4- At nnn a a a • j it.. "•w.vi.-ifci'-Sf' 


^£SU,fSS|o^w51§!j T ,^?R.f!?||?,l 0 ? n tjbd(iy > 'ire$|)onsgs, but not pk responses,,.and[^^.ibe 
reverse. ^In this case,.the minimum exposure time of responding spleen"ceils to the 
factor^required'to suppress. PFC.responses; for example, to a' given antigen,’; 1 ,viil’t ! bfe 
; determined.- 'Then purified macrophages, T cells and B ceils will be exposed to'the 
.^factor and cultures containing all the possible combinations of treated and normal 
cells will be evaluated to determine the target cells of the factor. A similar . 


*interactions of T cells with B cells, and, c) actual antibody production 
. by B .cells ;*'will be determined. The determination of the effects of suppressor '^’ 
T cells or their’products on the kinetics of development of PFC and' CL responses 
. will be especially important. Failure to.initiate a response suggests an effect 6ri 
macrophages, whereas .suppression of the responses with a pattern similar, to 
observed with SIRS would indicate that some event after successful initiation of the 
response has been affected. PFC and CL responses and DNA, RNA, and protein synthesis'.^ 
in suppressed cultures will also be correlated to determine the mechanism of action 
of the factor. Further analyses will be carried out depending on the results of.. . 

• these experiments. •• 


A-activated suppressor T cells. 

■■■•• •* v \ ; V> \ : •. ‘ ’* ‘ •; ’• •• ’ ^#^1; 

- bevelopment"of'the experimental model. :i lf this^pfoject has 
V'developed successfully using the approaches outlined above, we will be able to ‘^$8^ 
specifically suppress antibody responses to an antigen without affecting cell- 
' ifle'diated "immune'reSp'onse's’^to‘the/same“antigens - and'vice versa: ""This experimental 
system will be developed and defined using tissue culture systems. Once operational,' ^ 
the experimental system will be used to study regulation of antibody and cytotoxic 4 1 
lymphocytes responses in vivo. Eventually, this system'could be used to probe . 
regulatory r mechanisms in response to tumor-specific ^antigens. ’■& 

IV. Significance' 

' . ' .. y 

The significance of various experimental procedures and anticipated results . 
has been pointed out in' the descriptions of methods of procedure.’ ’ ' - 

The understanding of mechanisms which regulate development and expression of 
humoral and cell-mediated immune responses is crucial for evaluating the effects of 
environmental factors, such as cigarette smoking, on the cells and responses of the 
immune mechanism. Further, the understanding'of these regulatory mechanisms should 
permit manipulation of the immune mechanism for alleviation'of disease processes ,s V;-. 
with immunological components. . .. .. -.• •• s. * 
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This project is designed in part to investigate in detail the mechanisms by 
which mitogen-induced, non-antigen-specific suppressor T cells and their secreted 
mediators (SIRS, MIF, ?interferon) regulate development and expression of humoral 
and cell-mediated immune responses.. The information derived from these studies 
should contribute significantly to our understanding of normal physiological 
regulatory mechanisms in immune responses, since both MIF and interferon are. 
physiological mediators which may normally influence development and expression 



humoral immune responses has direct relevance to control of neoplastic processes, 
some of which are thought to have cigarette smoking as an etiological component. 
Antibody responses to tumor antigens often interfere with successful development >• - 
and expression of cell-mediated immune responses to tumor cells (86, 87). Since 
a functional cell-mediated immune response is crucial for destruction of the tumor 
cells, experimental manipulations which eliminate antibody responses to the tumor 
without compromising cell-mediated'immune responses will be especially valuable. 

It is also highly desirable to suppress antibody responses to only specific anti gens 
since non-specific suppression of all antibody responses lays the host open to a 




myriad of other problems, 
this objective. 

V. Time Required for This 


The second portion of this application is directed to 
Project 

;.V 


m 

a 


The portion of the project dealing with the characterization and definition of 
mechanisms of action of Con A-activated suppressor T cells and SIRS will require 
approximately two years to complete. The portion of the project dealing with . . r ‘ 
generation and characterization of antigen-specific suppressor T cells and their 
products will require two to three years to complete depending on the rates of 
:success in the initial experiments. .• ■■ riwlsi im 1 

VI. Human Subjects •(>;* V.C.- ' V v : *v. *•*££ 

. --i/ .. - ^ 
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'. ; 'Vv v*'" -.The laboratory facilities are in the Department of Pathology at Harvard 


-tWd? 


Medical School. The research space available for this project is 960 sq. ft. 
subdivided as follows: semi-isolated tissue culture area, 150 sq. ft.; adjacent 7|£J|| 
walk-in 37°C warm room, 150 sq. ft.; general laboratory area, 570 sq. ft.; and 
. y-. : office, 90 sq. ft. .Major items of permanent equipment include: refrigerated cen- : $g$r 
trifuges with accessories; microscopes with phase optics; inverted tissue culture 
phase microscope with photographic accessories; Coulter Counter with size-distribution' 

. plotter; Cytograf 6300A for viable cell counting; water jacketed CO 2 incubator; 
laminar flow, tissue culture hoods; pH meter; semi-microbalance; serological water 
/yHr.-'baths; tissue culture incubation chambers; rocker platforms; and refrigerator-freezer 

......A ■' 

y *,:-* The Department of Pathology provides the following in support of this project: 

animal housing facilities; cold rooms; dark rooms; G.E. Maxi mar 250-1II X-irradiation ^ 
‘ * facility; glassware washing and preparation facilities; and tissue processing and . 

•U : .. .histology facilities. .The Department also provides the following items of major /$;$$$: 
.equipment: spectrophotometers; high speed and ultracentrifuges with rotors; Revco 

• • .j -70°C freezers; gamma and beta scintillation spectrometers; apparatus for programmed ‘ .?$ 

’ freezing of ceil suspensions; flourescence, transmission, and scanning electron 

. ■ microscopes and photomicrography equipment; electronic calculating machines and 

photocopying facilities. /*;.-;<•.* - . .•' 

V 1 '■-* **-'■ *.• * Iff* v • •' ■ f. ■ j:;.. ■ " y. • *. • •’ 

Drs. John David and Heinz Remold of the Robert B. Brigham^ Hospital will continue 
;• -to be consultants and active collaborators in aspects of this project involving the 
. characterization of non-specific and antigen-specific suppressor T cell products, 

■, ; Dr. Alice Huang of the Department of Microbiology and Molecular Genetics will-be a 

• >. consultant in aspects of this project involving interferon assays. .* 7 : 7 '•-\/;• 

' . * . !.*•' . ' 'i. r,*/ 1 r-t, \i*. i . # *.. * ’ r *■»:*...*♦ **- < • -^1^—< <. /'■ - . ’ • • \ *'< • A' . --fjr 

. ^ r;' • ^ ‘ ,i'.) , ■ * ' ' ' ' , ‘J* . ; T [ J-'* ‘ ‘ • - ' ► ' ’* * 

^■' r ‘ ’ • •* ‘5:.-. :**.*. • . .x- v 'v-j;-.: *v. -,/v. V >j ■*' : - A ■ . 
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Budget Explanations and Justifications ^' 

'*A. Rationale for this 'application" ' \ 

,' v .•*'. • ••" V '.:V/' ‘ ^ .*• '* 

-%M-4‘Vr : -4This research'project has been developed both from the results of other 



m 


desired fashion without compromising the progress of other important projects 
r.-yf'; Further, since some of the objectives of the proposed project are outside the ^ 
major objectives of these grants, it is inappropriate to continue to support ' 
the proposed project entirely with funds from these grants. Our experience tij 
• ’ with the experimental approaches and methodology to be used have demonstrated vgj 
it; tt -.that this project is feasible and will provide significant new and relevant 
: t-'-"- information about the mechanisms by which suppressor T cells and their products 
regulate humoral and cell-mediated immune responses. 

■ii?-'};. * '*•** t-*?: i- • • , • if-‘.Yi«fcv.1 

' :'- B. Personnel -t-AV-T. *• •• ■ •' . - - ‘ * ‘ a 





This project, as conceived, will require the full-time efforts of the two 

v-jf- 1 : Instructors, who are currently actively involved in various aspects of the _ _ 

'• T. 1 project, and a Research Assistant. The Principal Investigator will devote atjfrjji 

/. least 30% of his time to the supervision of the progress of the project and 

actual experimentation. Dr. Tadakuma, Instructor, is on leave of absence from 
| ' ; Keio University Medical School, Tokyo, Japan, which provides approximately half y 

" .. his salary. Funds are requested for the remainder of his salary and fringe 

benefits (16%, on that portion of salary requested only) to bring his total 
remuneration to a level commensurate with other Instructors with comparable 
' training and experience. Dr. Duane L. Peavy will be supported by an N.I.H. 

^•.^•‘’Postdoctoral Fellowship until June 30, 1976, at which time he will be appointed A 
Instructor. Funds for salary and fringe benefits (16%) from July 1 to December' 

31, 1976 are requested. The increased salary budget in years 2 and 3 reflects»‘j 

part. Dr. Peavy*s salary on a 12-month basis. The continuation of these two 
Instructors .“'who are presently involved with aspects of this project, will 
' guarantee uninterrupted progress of experimentation. Since this grant, if funded 

\VV‘- •. wil 1-suppor-t-approximately 25% of the research activities of the laboratory, "V^T 
. 'w-.-.u: funds are requested for 25% of the salary and fringe benefits (14.5%) of Ms. D. ^ 

‘ v,‘ ' ' Siner, Editorial Assistant and Secretary, who is presently supported entirely j 
' by the listed N.I.H. Grants. Fringe benefits for the Research Assistant, are 
• ■, .. \14.5%. _.An annual salary increase of 7.5% for personnel is requested. . 


jie-p, 


C. Consumable Supplies 


f.-f 


Funds requested in each category are estimated from current operating _ .'* f : 
expenses for those portions of the project already in progress and are a realistic 
estimate of the funds necessary to carry out the proposed project in the desired 
fashion. An annual increase of 7.5% for supplies is requested. 

1003546073 4 

v -’ •' '• • • 

Travel funds to enable Drs. 


D. Other Expenses 
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W ■••• •: i J - :V - •> ***••* •••: “'• •.•’*.> • 

■...: meeting per year are requested.- Funds for a portion of service contracts on 

;; . ..major equipment shared with other members of the Department are requested. 

:. ..'_ Based on our experience with the proposed projects, publications in the first ; 

. year are almost assured, and therefore funds for publication costs (page . 


^ — • v ~ w - v. > vvii- v.iwi i vi i mu i wi i i vuu iuii ua ^ pay t- * ^ 

. '. 'charges,' art work, and 200 reprints) are also requested. An annual increase 

„« Wv • •:? of 7.5% in this category is requested. /«*.»>•<;. ..* •: 
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